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120 PP.

SELECTIVE EMITTER SOLAR CELL/SCREEN PRINTING/STAMPING/LOW

COST

Selective emitter photovoltaic cell (SE cell) is a scheme to result in the
efficiency improvement of crystalline silicon solar cell. This is due to that thin n-Si
layer from low-dopant diffusion has appropriately higher value of sheet resistance
Psheet- 1t contributes to effective reduction of carrier recombination velocity, longer
carrier life-time and finally higher ability of blue-wavelength absorption. Another
heavily doped n" Si area underneath the metallized region provides 1ow onect value
from high-dopant diffusion to contribute to good ohmic metallized contact and
effective reduction of contact resistance (R¢). This leads to higher short circuit current
(Isc) and increased open circuit voltage (Voc) for SE solar cell.

In this study, the fabrication of SE cell was investigated by the using low-cost
technique with exploiting phosphorus sol-gel (PSG). The phosphorus concentration
was varied between 0.30 %at and 0.86 %at. PSG solution with low concentration was
spin-coated for acting as low-dopant source, while PSG solution with high
concentration was screen-printed for using as high-dopant source. The different pgpeet
values occurred after thermal diffusion process. High pgheer (240 €2/Sq) and low pgheet

(20 Q/Sq) were formed in n-Si emitter area and underneath metallized area,



respectively. The depth of n-Si laver calculated by Fick's law is of (.60 um. In
optical study, anti-reflection coating (ARC) layer was fabricated for reducing
light-reflection and passivation approach to provide thickness around 100-110 nm.
This thin PSG obtained average reflective coefficient reduced by 9.94%WR
comparing with sample with no PSG. In particular wavelength between 550-800 nm,
PSG film can reduce %R by 10.93%WR comparing with sample with no PSG.

In addition. electronic properties of the SE cells in the various concentrations
of phosphorus dopant were implemented in this study. It was noted that life-time of
SE samples showed the higher value than that of homogenous n-Si sample. SE cells
based on low-cost technique from PSG solution can contribute to increase of PV

efficiency by 1.47% comparing with typical p/n solar cell.
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Laser process
Lee et al.(2011) 19.0
Lin et al.(2014) 20.0
Tang et al.(2011) -
Sol-gel process
Greenblatt et al.(1994) -
Dastgheib-Shirazi et al.(2008) 18.1
Song et al.(2012) 18.1
Etch Back process
Kim et al.(2014) 18.2
Dullweber et al.(2016) 21.6
Lee et al.(2011) 19.0
Antoniadis et al.(2010) 18.9 Screen printed
Zhong et al.(2013) 19.13
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1. uSnasunas (Emiter) amn3oUsudgeld 2 nun Aeuvui 1 Tassadie SE dums
9 '
a3 19FuSunas n-Si Nl pg,, UANANNY 2 UTNIA ADUTNAUTULAY (n-Si) LAz UTIY n' -Si
915 A =) 9y 9 1 A A Y Y 3’; [ g}/ =\ a1 9
130 Idhatiasdedudugana matanldadegusuuaauy SE dulinareiswu 14ms
4 1 Y]
f19'l000% (Ion Implantation) T¥tauaises1un15UNT (Laser Doping) 1¥asazarevleanesa
1uM3UNT (Phosphorus Doping ink) Mn15eianInleill (Chemical Etching) uagldmiin
aa I { 1 °
¥andU (Silicon Doping ink) Hudu uazuuun 2 msunsuyuaiuaue (Homogeneous
9 H v v

Emitter, HE) ADMI @3 W0FUS UL n-Si NTAT pg,,, AN UTUDIMINUNILLAU

2. auw i@ unas (Local Back Surface field, LBSF) a1m15ndiuiseld 2 uuy Ao

{ a I a < 9 [
upuh 1 upuezgiitien (Aluminum) Wlumsldlanzezgiiiiendlui luihdumdawaz 1
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Aax 9 =

Y
Munaalaenislianudoulivaredsy 1duauases o lddausnava T (Laser fired

=1

Y
] Y I
contract) taz1¥m3s1xanuTous1uvd 19 (Fired Through Contacts) Hudu tazuuu
A 1 a . . ng Y v ax A g A 1 A Aa
OAMTUNTUINYT Y (Selective Doping) I51AA18A AT SE Asillumsidenunsarsdeni
ANUANTUFIV WU NUANUNET (Heavily doped rear arca)
Y Y
3. a2 W& 111 (Back Contact Cells) Avnsihaa Trliheunudrenegdumndaes
s A @ a 9 Yo s o v A 2 o 1
wadioaan1suaiase iadlvnuwas awsadsulseld 3 uuy fe drlanzdaniu
Y Y H
(Metal wrap Through) FUSULAINEQWIY (Emitter wrap through) Uag 12 languuUd

(Interdigitated back contact)

lon
Implantation

Laser
Doping

Selective Emitter Phosphorus Doping
[ (SE) T inks

Chemical
Etching

9
BUTULE

Silicon
Doping ink

Homogeneous Emitter Lightly
(HE) b | Doping Emitter

Laser
Fired Contact

‘ Laser
9, £ \ Aluminum -
e - TR -

(Local Back Surface Fired
Field, LBSF) Through Contacts

(Emitter)

U

ANsMNaa

o

a
v
]
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Selective Doping

Metal
Wrap Through
Emitter
wrap Through

Interditated Back
Contacts

d

Y
1 Inihdunaa

Back Contact Cells

~ Aax o o a Jdg YA Aa A
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= Ao 1 =S 4 a Y v A
NNITANHINTIUIVYAN 9 ’e’ﬂiJ'liﬂﬁ?ﬂlﬂﬂiuiﬁﬂ!ﬂfaﬁ!LﬁQfﬂ“l/lﬂt’ﬂ’)ﬂﬂGITD'N‘VI 2.2
1 4 a Y I 1 A
mﬂmﬁnmmmumwaaummmfﬂﬂgﬂu 3NN AD
4 a A a 9 =S =& % o A o o [] ]
1. LcﬁaaLL?N’EJTVWIEJ‘VINaﬂﬂﬂﬂ!ﬂﬂiuiﬁEJﬁ']ﬁﬂ\‘iﬂ’JU"IV\IaN‘U'I\‘] YNAIDYIILTU
. I
Amorphous Silicon CdTe itag CIGS Fludu
4 a c’d‘ a Y =y [ =2 é % o é v A o
2. L%ﬂﬂllﬁﬂ’iﬂ‘ﬂﬁﬂﬂﬂaﬂﬂ'JEJWIﬂI‘L!IﬂfJi]'Iﬂ’Jﬁ'ﬁ]ﬂﬂﬂﬁ?iﬂﬂﬁﬁui GIfQﬂ‘"l]i]‘]JLl‘L!EJlJL!13J1
I
a$radluerad

7 P T | A ac .
3. lclfaallﬁ\‘]ﬂ']cﬂ@fJLHJ'UGI,WllVlﬁi']\‘]ﬁlluﬁ]']ﬂﬁ'liﬂu%ﬁﬂ (Organlc)

A = s A
ATTINN 2.2 WI?IIUIﬁEJL%’ﬁﬂLLﬁQ@'WI@fJ

Technology Type 1 cell T Panel From
Amorphous Silicon AIST
Flexible/Rigid | 10.2 + 0.3% 10.2 + 0.3%
Thin Film
CdTe Thin Film First Sol
Flexible/Rigid | 21.0+0.4% | 17.5+0.7% 1stsofat
(Cadmium Telluride)
CIGS Thin Film
(Copper Indium Flexible/Rigid | 20.5 + 0.6% 18.7 + 0.6% Solibro
Gallium Selenide)
Multi-Crystalline Conventional Panasonic HIT,
20.8 £ 0.6% 18.5 + 0.4% . .
Silicon Cell & SE rear junction
Mono-Crystalline Conventional Trina Sol
2564 0.5% | 22.940.6% rina sofar
Silicon Cell & SE
Perovskite Flexible/Rigid | 20.1 £ 0.4% - KRICT
Mitsubishi
. . . 0 0
Organic Flexible/Rigid | 11.1 £ 0.3% 8.7+ 0.3% Chemical, Toshiba

ada gy
2.3 NHYNNEYIVBI

e aA A 9 o Y

Tuideil Idnandmguiinerdesiunsadie SE cell nazmsgapdonisuilas

o

@ d' [ 1 4 a d Aa KX Aaa = Y
waeau1n Iaeulunauuasgiuaig ¢ VONLHEAAUTAIDINAYFUANANEAND U i’JlliNllﬂ
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1 =2 Aax = A A = 90‘ a Y 3’/ . Y
ﬂﬁ'l’]f]\‘]’J‘ﬁaﬂﬂﬁQﬂ]u!.ﬁﬂﬂ'lﬁ@ﬂﬂﬁuiﬂﬂ@uiuﬂauuﬁ\iﬁu%ﬁu A20F¥U n-Si 1HNAINIY
[] A 1 a A A g}/ Aa k) 9
PTUIMLUUUDIDEADUTITIADDYIUNUIS T LL'LWLﬂﬂﬁﬂJ‘Uﬂ‘V]'Nulwﬁ'l‘l’]ﬂl’ﬂﬂﬁ'l‘l’]ﬂﬂ’)ﬂﬂﬁﬁiﬁ

SE cell

A =3

d a dJd A aa
2.3.1 mig]ﬂni;mumiv\lﬂauiugmaagaaaa1ﬂmﬂfuuﬂwanmaﬂau

v
[ =2

o @ o AA a o a I3 a J { . [
agiiudagasnanihdaney dowbhmndaaduaionfiaduiniiga sl
1 1 U 1 1 1 U a Q"’ Q.I aa 1
HOUFRITNNAINIUOGN 1.12 eV HazArduilsz@ninisganduvesiagdaneniiaing

d' d‘ ! d' a an d’
asulasauuaannueIndaude o nannssnurisaneuuaadlugln 2.2 90
o 4 A a £ A o aa dal A -1 A2 1 ]
ANUFNNUT WuNAFulszansmsganauvesiagranouluiiun 1 cm’ NAredlurag
A =2 2 g 1 A A a daa @
AWYIINAY 400 nm DI 1100 nm FAVUFINAAUUAIVOINTZOINAINTNGINU TAOUGA
o Y ~ £ o Y o aa (% 9 < J a d dy A
dunaldoinamd 2.5 e Iidagdaneumuznumsaauilusaduasering Tasnung
[ A a A A 1 <] J a
mfealnasuvesasnanasuuiy Taniauiiauuy AMLS edwlsnawadudioriag
A aa [ Y ' 5 o '
siiaganouasoutamasnn Iifis 5aInue1INaUAINI1 1127 nm tazgyaoga
4 35% 1leen Mg duFinnuieu Mmsgydonsulasmasnuudndainsgili 2.5
= o A o ' A < P . X A s a <
Fadasenlnasuuaieriaduazdunainueuiuld (Visible light) Nsadudsorindansn
1% < [ 1a
Tulaanasnunaaiundsann vl Idgegalinu 45%

4 o v o J [ {
ﬂ'J']iJfJ']'JﬂﬁHLLﬁ\‘lflﬂ'ﬂﬂJﬁiJ‘WL!‘ﬁﬂ‘]JﬂTWﬁQQ']u waas luaunsn (2.1

£ =0 1240
A

2.1
Tagn  h Aemasiueandan (Planck’s Constant) 1101 4.14x10°eV - s
A [ <
v ABAIAINITY
[ I~ T W
¢ AoAANUGE WAL 3x10°m /s

A A9ANE1IAAY (nm)



1.E+03
1.E+02
1.E+01
1.E+00
1.E-01
1.E-02
1.E-03
1.E-04
1.E-05
1.E-06
1.E-07
1.E-08
1.E-09
1.E-10
1.E-11
1.E-12

absorption coeffcient (/um)

Absorption Coefficient of Silicon
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ad%q%

)

3

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

wavelength (nm)

! o v 1w a £ o aa
3U7 2.2 Anwduiusvosmdulszanimsaanaundevesigaganounielduasnnuen

AAUAN ) NANNTZNUAIIAG (http://pveducation.org)

1.E+12
1.E+11
1.E+10
1.E+09
1.E+08
1.E+07
1.E+06
1.E+05
1.E+04
1.E+03
1.E+02
1.E+01
1.E+00
1.E-01

absorption depth (um)

1.E-02 ~

1.E-03

Absorption depth in Silicon

Y

e
5
EPIIOtOﬂ‘\ EG ,f?‘

UN) . 7
AANAHIA A THI5E ¥
waaslumnzaaizla P

Eli;‘enf—EG(Si)
A vy
aanautaIngg
&"‘gﬂ I v
& WU
gﬁﬂf LPhot)n= LG

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

wavelength (nm)

{ o o J ' [ aa
gﬂﬁ 2.3 ﬂ?ﬁJﬁwwuﬁﬂlﬂﬂﬂ1ﬂ31wﬁﬂﬂlﬂ\‘lﬂﬁ@ﬂﬂaullﬁ\‘ﬁlﬂﬂﬂﬁﬂ%ﬁﬂ@uﬂ1ﬂiﬁllﬁ\‘lﬂ’nﬂEﬂ%

AAUAN ) NANNTZNUAITER (http://pveducation.org)
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A o 4 A ~ KX Aaa
gUiingl 2.3 naasanuduusvosmsganauLaIianNIENUNANTAAD U
. A a dy P4 =2 ' R A A v 1
(c-Si) Mnavu 1A 1Us2ezANUANAI 9 1INATIHNUNIFNAAUUAINTNAINIUNINAI 1.12 eV
% I ] 4 g’/ 4 Aa Aaa
Fuduseanuenaauau AANVANINAT 1000 pm FAAOUAINITNANAULTIATTINTD
a a 9 A A 2’, g}z =K Aaa = Y ti’
pannIMzdasz 1a NFaNuenauduuRANganoudsoganau 1 luszezau 9 91n
Aa <K o Y o Aan g’/ =S A zﬂl d' :ﬂl g’/ o =S [ =
i i Iiiagdaaouiugydemsganaunauuasianuemaaudy Tuihiueufernusan
: { y o w X & o aa I
Si gunsaganauanuenaueiszezanad il weihiagnsdnhadaenldasuiy
4 a o 9 4 [ P2 A 1 [BP=N
waduaso1iadez 1dnuruewad 10ny 1000 um Wieeglugaamnssulunu 300 ym
v & a J A = A o . A Y Aa 1 . dy
AIUUMITHAAYASUAIDINAGVITTUT VLA (n-SD) V19 1e 11 INAT08AD p/n-SiAY 9 WU
Usgnms 0.5 pm 09 1.5 pm e ldaunsnganaunasinue1InAY 480 nm D9 600 nm 4@

A A 9
Lu'ﬁ]\clfl]']ﬂfl’luunﬂ’g']llLﬂlullﬁ\‘quq@

eElectron
\ / Thermalization losses (Phonon)
y L .
(e
Short wavelength E =E Transmission losses
—AN VW M — A VWN—
Long wavelength
Ey EPh t = EG
@ o o w

A an [ A da @
qﬁjﬂ‘ﬂ 2.4 ﬂf’lllﬂﬂ'l‘if]ﬂﬂaullﬁﬂ"ll@\‘icﬁﬁﬂ’E]uﬁl'lui‘]J!L’(?Ni]'lﬂl,!ﬁ\?@'l‘ﬂﬁﬂﬁﬁﬂﬂig‘ﬂﬂ'ﬂuﬁﬁﬂlm$

a Aa X
MIgULFgNINAUU

NNMsgdsaInanaITaeseluglvewaundsnuasgli 2.4 na'ln

[

=y [V A Y a J ] Y I ~ dy
m'if;fmumﬂm‘imJmwmﬁmmagﬂﬂigﬁ]ummmﬁ’m‘vm&l u‘uﬂmﬂu 3NTU AU

L AnAUEanNIENUUNAINUFINILOUVFIININANNUFAADY
1 g}/ 1Y) o a ad a g}/ o .
(E,, > Eq) N¥UTLIAT n-Sivgvhlvifadianasoudass luguuauami (Conduction band,
J o aa o A A 1 A =
EJ) gan1UBUNAINY B, BIANAToUITAIENAIIUNITENI IHuen (Phonon) HIBMIFYIaY
= . . 4 a g Y] o o
1B9n21W50U (Thermalization losses) N0 1HBIANATOUANNAUAWNTZAVVBUVDINGINY E,

9
uaziaumaludagla dauiusesae pn-Si Junamsgadosinnuiouluregiunainuga

q
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1 = = ' A Y Aa @ ¥ A
NN EG(SD cmmiqtymﬂummmuﬂnﬂauﬁuuﬂmﬂu 35% Y9IMIUYINAINUNIH VA 11D

g’/ = A o 9 Aaa A 1 a (]
¥ n-Si Ne3@e1fsmage M linavesIlueuNINTHAADNITANAIVDINIHLDATLDINNIN
9100 INMIFUNUYBININE (Collision effect)

2. NANNUAIANNTENULNAINUTDIN D VFDIIINAINUTANU

a 7

@ ' 4 J
(E,, < Eu) Aomsgaydsmsulamaenuluynnnuennauey waduatoniingwan

&

A

FAADUNLOVFOITNWAINU (E,) 10 1.12 eV S ualingaa1udingl 1.12 eV vaodlum
AWEIATUGINIT 1100 nm  FagFanouaz ludwisagandunas’la manisnzqriumeg
L. o q Ya o H N 1 Yo v ya A2 o
(Transmission loss) i1 1doianasoulugurnaud bilasunmsnszquldoaseAvuuovii
T &y 18 Teldmanmzmaouinuag limanszua i luiga msgadeninnisnzg
1 a I [ g’/
AULEIAAIY 20% VYDINAINULAINIHYA
3. MANUAIANNTENUNNE I UNIN VLD VFDIINNAINUFaADY

) H v v
(E, = Eqg) 1109910 T0a0uRTndsnumiiny 1.12 eV Sumiusa e andaiy aaiy

ph

a A

A 1 dyﬁ =~ T Aa = a 9 A
anwanmnsalunmsganavudessivedidszd@nsnmgs luRansgydasianuiou wie

ee
2D
=.

113N ™

-
(&)
T

Thermalization losses 35%

Convertible Energy

N
o
T

Band gap

Transmission losses 20%

S
o

Spectral irradiance (Wm?“nm™)

500 1000 1500 2000 2500
Wavelength (nm)

714 2.5 mlnasunaserinduazdunasiwaduaoriad 1 Huasmasaudu Wit
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(Photoelectric Effect) @gamnsaudasndsauuaiannsznuldidundsnu i ldlasasq

Y
[

v & a ° 2 o o 1 . Y & s A J X A Y
@N‘L!uﬂi]i]ﬂui]ilufJiJ‘Lﬂﬁ'ﬁﬂWl’J‘L!ﬁE]EJG]E] p/n-Sl maimﬂumaaumamm GINiJIﬂfNﬁiN

o I 1 a ] { g}; ]
millounylaTea (Diode) 1HuTaseed19soanae p/n-Si Taoduas@ony 3 AT p-Si wagny s

g A

A Y . Y a A 1 ac A% . .
N n-Si e liinalszgnsesaolasanivie wazwiviz leauazdianasoUNYY p-Si 1Ay n-Si
o ' T A A A ' 9 I aa . ° Y a

aeg1arulonusIgaIsveny s eaesa (P) aslusigny 4 ¥aaeu (S szmlving

ad F) R A A 1 g ' Yo ~ =
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9 [l
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AuQa AAIDUNAINUAIFUN 2.6 (M) 9IngUs08AD p/n-Si Meldniauudiauwldduiatu
A 1 Y a o v o 19 A Ay 1 ad
nseeae Trmamunedngmelu (D) dediumsinasuniiusesdomvzadanasoutazlaa
=2 o q Ya A A 1 . . ad Y . Y .
vinlinagagaugadu 1110991nMsuNs (Diffusion) YIBIANATOUAY n-Si 1AM p-Si
wnumsian Orif) Tuauliihaely wazmsunsvealaanau p-Si ldw n-Si
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@ Electron « Hole .
: n-Si
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4 a o 1 { o
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v & a 9 Yy =K o
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(V)

Inet = Io(quOC/kT _1) - Iph (2.2)
A D.n 2 2
119991n l, = A(q Moo , 4D, Proy _ A(qDen, +9Pu ) e
Le Lh LeNA LhND
2 2
Inet _ A(qDeni i thni )(quOC/kT _1) — " (2.3)
LN, LN,
Tagfi 1 donszualilavienszuaiiianLaInnnIENL

I aonszua lihsn

I, fAonszudoNAIdoUNa (Reverse Saturation Current)
A [ a)
V.. fAousaauilaiens
A tﬂy A Y o
A4 fenwunRvIaA
g fAodszqlwihliaumn 1.602x10™ ¢
1 { d o 4 1 [ Y _
K Aemnanvee luandiu (Boltzmann) Hauniny 1.380x102J / K
T fegugllumiienaiy (Kelvin, K)
r'd
" W a A 1 ad
D AemaNlIzanTmsunivesdanasou
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Cell Efficiency at Different Wavelengths
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Acid-Catalyzed Hydrolysis

Vo
N

Far from gel point Gel point Xerogel

G

)
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SOD3 (8.0 1) 95.17 0.49 26.32 0.5 7.07
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PSG Jrﬁl+n_1
AN Thermal Diffusion 1l
. PSG ink
et PSG film

- Spinnig process @ 1000 . 60 min
w1 step 1000 rpm., 10 sec
2 step 3000 rpm., 30 sec

S
Poly Si wafer (p-type)

Stamping

Etch Back process

% v Top view
©  HF:HNO

¢« e
: /I_vIask

i i ization ¢ ¢ .« Cross section
Sl . Screen printed metallization . * .

e (Ag andAl) n .

Selective Emitter Solar cell Co-firing metallization Stamping process

9
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311 4.19 TuAouUMIa519 SE cell Arematinnisilsziitate (Stamping Technique)
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FIAMINLVDIFY n-Si IUINGUNUTU 1¥1AT89 Photoconductance lifetime tester 9H® Sinton
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a 4 ] a
HAZADNNAUNDTLUYINYI (NECTEC) (http://www.sintoninstruments.com)
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n emitter
Lifetime Surface recombination
Condition Structure Psheet _

@Sy T, (us) velocity S_(cm/s)
PV-ref. Si0,/ n/p(multi-Si) 90.00 15.02 6.66
PV-SEI SiO,/n & n"'/p(multi-Si) 55.74 6.21 16.10
PV-SE2 SiO,/n & n' /p(multi-Si) 72.51 9.31 10.74
PV-SE3 SiO,/n & n’/p(multi-Si) 89.28 11.04 9.06
PV-SE4 Si0,/n & n’/p(multi-Si) 101.97 11.00 9.09
PV-SE5 Si0,/n & n' /p(multi-Si) 119.64 11.44 8.74
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U
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184 No Etching Back Lifetime
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12 4

10 1

Lifetime (us)

0 T T T 1 T T 1 T T T T '
90A H5574A T7251A 89.28A 101.97A 119.64 A
Sheet resistance (Q/Sq
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U 12548) aaan w15 19n 4.5 nagionfseumeunusia lunsasia SE cell
a L= 1 a J a o
A20mAtia Photolithography WUI1HIIAIFINIIMIHAAYAALTIDINAG IATIHI S
A ' A 9 A = A Y v A
Wugeglszuna 8.31% aanindeanumalulaglumswanluvudounsnas
' S . = <3 X~
Tasea$1a SE 1¥unaTuTad Photolithography tazmalulad Laser (Hudu aall
FINGULAAIAINTIN 4.6 LA 4.7

9
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WfSeueuiuIIAINMIHEA SE cell AdeinAtin Photolithography WA INIT0AA
Y a Y= A = @ a Y A
AuNUMIHAA 1a09 8.15% wazillonfSeufiounusinnsnan SE cell alomaila
Laser WUIE1300AAUNUMIHAA TADY 6.42% tazidioihsnun3esdninmsnan
SE cell MramatinmsyszrivarenfTeuieusumaiia Photolithography W
Y a Y= A = @ a
AWNTDAAAUNUMITHAA 1ADY 4.24% wazilofioufiounusinimsnan SE cell

AINAA Laser NUNAWITOAAAUNUMTHAA TADN 2.25% HAAIAIAIT NN 4.10

d' d’ % o [ a 4 a " 9 Adsl
AT NN 4.5 ‘]Jﬁgll'lmﬁ'lﬂnﬂi’ﬂ\‘ﬁ]ﬂﬁ’ﬁﬂ/ﬁ'ﬂWﬁ@lﬂ)’ﬁaLlﬁ'\if]'l%ﬁﬁliﬂiﬁﬁi'lﬁwui'lu

d‘ %4 Y
1UMIINTBIINT MsIFau 10V IN)
Y
PVD, PECVD 19er319500800 p-n Si HAZFUSIN, 200,000,000
. Y o d‘ al A 4
Compressed dry air (CDA) | J¥oae1nid wieilallanan 200,000
Gas monitoring A5 A0 UMNEI 1,200,000
Gas scrubber MIAN 08NN PECVD 5,000,000
5TUUNOADILHIUATOY PECVD LA
Gas piping 1 . AN L e o 3,000,000
PVD 9UNUMIFNUATBINIANIFOUATIY
Chiller T9vidouAI0d PECVD 11ag PVD 5,000,000

T¥inuazernginiainieluines
Bled blaster 150,000
PECVD tiag PVD

9 Qy 1 d‘ % d‘ a g}/
l¥enTUaIUIATOIINT tNoAAAILAY

Crane & Hoist o 500,000
395NN
Screen printing Taeiain Tlhdunduag dumas 10,000,000
59 225,050,000

M13199 4.6 Y5251 AT099NTd M UNGA SE cell Armaiia Photolithography

EMIIN3ITNT M3 311(VIN)
PVD, PECVD 4831950800 p-n Si uam?uSiNx 200,000,000
Compressed dry air (CDA) | 14¥6a01# ieidlatlangn 200,000
Gas monitoring ﬁi?%ﬁ@ﬂﬁi“ﬁ%’l 1,200,000
Gas scrubber i wﬂﬁvi“ﬁ@@ﬂiﬂﬂ PECVD 5,000,000
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FIUMSIAIDIINT mslFau 51(VN)
52UUNOADITLHINUATOY PECVD LA
Gas piping v g D e A e e 3,000,000
PVD 0QNUMSNUAITBIMIANIBDUATIY
Chiller 19vidounAI e PECVD 1ag PVD 5,000,000
l¥iianuazeinginiainieluinies
Bled blaster 150,000
PECVD uag PVD
9 Qy 1 d‘ v d‘ a 2’,
lFenFUaIUIATOINNT LNOAAAILAY
Crane & Hoist . e 500,000
11395n#1
s
Screen printing i Il dumhuazdumaa 10,000,000
Spin coater THindevilauans luas 400,000
Photolithography machine IATR9E319AIAAY 20,000,000
37U 245,450,000
A15199 4.7 Y5213 UATRIINITMSUMEA SE cell Aemaiinns 14 Laser
d' Y Vv
3185509905 Msl¥au 51(VN)
PVD, PECVD 14e51950800 p-n Si AZFUSIN, 200,000,000
Compressed dry air (CDA) | l¥8aoima wieilallaids 200,000
Gas monitoring M990 HWGHS'J’J 1,200,000
Gas scrubber MianI¥0an1nN PECVD 5,000,000
FEUUNDABDIZHINUAIDI PECVD uay
Gas piping v d w o At 3,000,000
PVD 24N UMFNLATOINI9AN YO UATY
Chiller 19viao8uAIe9 PECVD 118 PVD 5,000,000
T¥ianuazeinginsainielunses
Bled blaster 150,000
PECVD uag PVD
9 ay 1 d‘ [ d‘ a 3’,
IHenFUAIUIATOIINT INOAAAIUAY
Crane & Hoist . e 500,000
11395011
9
Screen printing Taian Ilihdumdazdumas 10,000,000
. Y A ad
Spin coater THnaeufaneans luas 400,000
Laser machine n30Ias9anany 15,000,000
37U 240,450,000
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S1EMIINII9NT

MmsFau 1(VN)
PVD, PECVD p-n Si Lag SiN_ 200,000,000
Compressed dry air (CDA) | 1¥6aeima tieilallandn 200,000
Gas monitoring 1339991 fc? 19357 1,200,000
Gas scrubber fan fcﬁ“ﬁ@@ﬂmﬂ PECVD 5,000,000
FEUVNOADITEHINUAIRI PECVD  uay
Gas piping e BB o A oo o 3,000,000
PVD 99NUMFALATOINIIANIFOUATY
Chiller T9vasiduATed PECVD 1ag PVD 5,000,000
T¥iauazeinginsainielunses
Bled blaster 150,000
PECVD 1@ PVD
TdegnFuaIuAToITNT NoAAAILAY
Crane & Hoist = 500,000
113950 HN
Screen printing Ier519uSa SE tazain T 10,000,000
. Y A a d
Spin coater THnaeudlan PSG 400,000
7Y 225,450,000

A15199 4.9 ﬂi%iﬂmiWﬂHﬂ%@\?ﬁ’ﬂit’hﬁ%J‘UWEGI SE cell ﬁ?ﬂ!ﬂﬂﬁﬂﬂWiﬂ‘i%ﬁUﬁWﬂ

1EMIINIIINT

MIIFau 311(VN)
PVD, PECVD p-n Si lag SiN 200,000,000
Compressed dry air (CDA) ~ | 1¥8ae1ma wiedlatlanda 200,000
Gas monitoring M3 fc]vi‘?]i%l @) 1,200,000
Gas scrubber ﬁ1§ﬂﬁ?%@@ﬂiﬂﬂ PECVD 5,000,000
52UUNONDILHINUATOY PECVD 1A
Gas piping v g @ e A e e 3,000,000
PVD DUNUMFAUAITBINIVANIFOUATIY
Chiller T9vanidunsed PECVD tag PVD 5,000,000
T¥ianuazeinginsainielunsos
Bled blaster 150,000
PECVD tiag PVD
9 2 1 A [ A a 3‘/
lHenFUTIUIATOINNT INOAAAILAY
Crane & Hoist 500,000

11795011
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NEMn3essns mslFau 51(VN)
Stamping T¥as1anihmn 10,000,000
Screen printing 1 T dumuas dmnds 10,000,000
591 235,050,000

Q13199 4.10 WS euMeVTAUATEIINTEMSUNIHAA SE cell

o e 3 nfBaumeuny nfBaumeuny
maianly 5101 (MHVIN)
Photolithography (%) Laser (%)
Photolithography 245,450,000 - -2.08
Laser 240,450,000 2.04 -
Screen printing 225,450,000 8.15 6.24
Stamping 235,050,000 4.24 2.25
45 avl
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A1 1 Aaa 2 VW L A 2 ' A o
119.64 Q/Sq 1z NMFNFIAVDINIMEGIVUNINY 11.44 ps FAUNVIUDINAT Pgy, NUAIN
A 55.74 ©/SQ 1A IMFNFIAVOINIHLNAUNINDY 6.21 ps 11099 1NNAVDY Dead layer
4 4 [ a U a a 4 a
Weol5euMeus1A1ATeeINs lUMSNEA SE NUIUNANAMINNNAIY LagmAlan1g
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nosiFunsznouoanosaueia1seaglusIa 0.30 %at. D9 0.86 %at.
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2. HAAAAAI87S SOD AYLAN n-Si Suudeld UA pg,, AR 55.97 Q/Sq D9
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5. annsodSunlasun pg,, VOITU n-Si FULAIAIONALA Etching back VD9

' v ' 9
dsazaealiioanadu n -Si inaanwsuldinamsanaiiunusnutazdiwald pg,.,
L 02 4y A Lo Sy v "o ] &
mndu a1 uiuuine n-Si Souds wailawunm pg,, g9IuIn 55.74 Q/Sq 1ilu

A A @ ' a J J a J Yo aAa K
119.64 Q/Sq iteou luganan lundaidluwaduasoriadoz 11593 avoamve gaay

o A £ 4 o
NN 11.44 ps DA pg.,, NINVUNTEAD 119.64 /Sq
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Diffusion temperature = 1000 °C and Diffusion time = 60 min

Condition Depth of n layer
TEOS : H,PO, X (um)
9.0:1 0.61
85:1 0.61
8.0:1 0.61
7.5:1 0.61
73:1 0.61
7.0:1 0.61
6.5:1 0.61
6.0:1 0.62
50:1 0.62
4.0:1 0.63
3.0:1 0.64
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Characterization of patterns of L ocalized Doping Using
Stamping technique for Selective n-E mitter Solar Cell
Structure
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Abstract. In the present, a novel cost effective process scheme for single step selective emitter
diffusion was implemented. It is based on the fabrication of acid-resist pattern employing
stamping technique with collaboration of a spin on dopant (SOD) and chemical etched-back
emitter methods. The SOD diffusion process provided heavily doping n-emitter. Acid-resist
pattern without exploitation of a complex method as a photolithography, was stamped as a
metal contact pattern in order to protect localized heavy-dope region from etching back at the
region. Phosphorus doping profiles were controlled effectively by etching back time to provide
the formation of n-type selective emitter. Sheet resistivity of localized doping n-layer is tunable
from 10 to 180 Ohm per square. After removal of the patterned acid-resist, the selective n-
emitter solar cell structure was obtained under sirgle step diffusion to response a better blue
wavelength and low contact resistance.

1. Introduction

Today, photovoltaic (PV) technology is not only important to require renewable energy but aso has
more concern to clean environment and sustainable energy sources. One of the challenges for
commercial PV cell manufacturers adapted is to further reduce the cost and to simultaneously improve
the efficiency of PV cells.

One key limitation of present silicon industrial solar cels is the production based on homogeneous
emitter region with a low sheet resistance of about 50-70 Q/Sq. Meanwhile, a junction depth of about
0.5-1 umis required for a compromise between a sufficient contact quality of silver grid metallization
and a low recombination rate at the front surface. It causes a problem of shorter life time of generated
charge carriers because a low sheet resistance of homogeneous emitter from high dopant concentration
provides high density of carrier recombination centres [1, 2]. Thus, conventional PV cell efficiency is
usually below 17%.

The increase in sheet resistivity of n-emitter enables to reduce the Auger recombination, resulting
in a better blue-light response and thus a higher I In addition, it is also able to provide a better front
surface passivation, leading to a higher Vo [3]. Nonetheless, another effect considered due to low
dopant concentration is a severe contact quality between metal and silicon emitter, resulting in alower
fill factor and solar cell efficiency decreased [4].

In order to improve solar cells efficiencies, severa optimization of emitter to require higher biue
response and better contact quality has been investigated. One of the most potential method is
selective emitters (SE) that feature a heavily-doped contact area undemeath the metallized region and
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a lightly-doped emitter area between front fingers. Crystal silicon SE solar cell is able to provide its
efficiency improvement with a competitive production cost [5, 6].

Presently, commercially available researches involve dopant ink through an additional screen
printing step and laser-based SE process, which are available for forming different regions including
heavily-doped emitter region with about below 50 Q /Sq and lightly-doped emitter region with about
90-110 Q /Sq. Si ink based SE technology has achieved an efficiencies of up to 19.2% on screen-
printed c-Si solar cells [7,8]. However, both of the SE processes have relied on more masking steps,
laser ablate openings and scribe grooves. T hese additional processes affect the rising cost, the complex
laser processing, and the use of relatively expensive materials and equipment, which cause the main
reasons for the industry’s reluctance to adopt these technologies. Therefore, simple SE processing to
replicate that based on low cost materials is required.

A stamp-patterning fabrication employing cheap flash foam is an alternative patterning technique
to rapidly transfer acid-resist pattern in both micro-scale and nano-scale structures that is applicable to
devices on planar, curved, flexible, or soft substrates, especially when low cost processing is required
[8]. Although the stamping and etching steps are added in the process, the using repeat of inexpensive
flash foam and etching solution is a highlight advantage. This approach is related to a pattem
fabrication with stamping process to produce acid-resist area localized underneath the metallized
region. A selective emitter structure with one diffusion step to form n-p shadow junction with highly
doping concentration. This paper highlights the ability to achieve a wide range of dual doping
concentrations using the flash form stamp and additional etch-back processing step. The study of
variation in sheet resistivity via etched back processing times is demonstrated. The localized emitter
feature which is patterned by using flash foam stamp, is characterized,

2. Experimental Details

Sol-gel consisting of heavily phosphorus concentration solution was prepared as SOD source. SOD
solution was obtained to start from Tetraethylorthosilicate (TEOS, 98% Fluka), Ethanol absolute
(EtOH, 99% BDH) and H20 with a volume ratio of 5:10:1.5. Subsequently, the blend solution was
stirred for 5 minutes at 70°C to ensure homogeneity. Phosphoric acid (H3P0O4, 85%Ajax) was then
added by a volume ratio of TEOS: H3PO4 at 3:1 and stirred for 40 minutes. The obtained mixture
sol ution was cooled down to room temperature for 30 minutes.

P-type poly-crystalline silicon wafers (~1 Q-cm) as substrates were textured by HF chemical
etching and then were cleaned by standard Radio Corporation of America (RCA) method and
subsequently were treated in dilute hydrofluoric acid (HF) solution for 1 minute. The mixture SOD
solution was spun on the Si substrates at two speed steps at 1000 rpmvmin for 10 seconds and 3000
rprvmin for 30 seconds. Subsequently, the wafers coated by SOD film were sintered at 1000°C for 60
minutes. The high heat-treatment acts as a thermal diffusion temperature to drive the phosphorus
dopants into the silicon wafer in order to form the shallow n**/p junction. The low sheet resistance of
the n**emitter layer was measured by a four-point probe technique.

Flash foam stamp (FFS) acts as photosensitive materid, is a type of micro porous polymer, The
FFS surface exposed by flash light will be burnt and sealed solution. A grid mask on top of the flash
foam is exposed transferring the grid pattem to the FFS. The 2 regions of FFS surface morphologies
consisting of liquid sealed part and unsealed part are created on a FFS. Acid resist sol ution was stored
inthe FFS and then stamped onto poly-Si substrate to flow through the unseaed pattern area. The acid
resist features the grid metallization pattem stamped on n** emitter surface, thus the heavily doping
area was kept fixed by the acid resist. After drying at 120°C for 30 minutes, to minimize the dopant
concentration the etching step as a etched-back emitter method was processed in HF:HNO3 solution
with the volume ratio of 200:1 in times variation. The influence of etching time on a decrease in sheet
resistance of emitter layer was investigated.

3. Results and Discussions
FFS feature was changed when the FFS below the designed grid mask was exposed by light flashing.
Fig.1 (a)-(b) shows FFS pattem composed of 2 different surface morphology areas: porous area
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(unsealed area) and sealed solution area. As can be seen the scanning electron microscope (SEM)
image in Fig.1(c), the locally unsealed region shown as porous openings has the size less than 20 um,
which allows the solution flowing through. The size of FFS pattern obtained is consistent with the
mask designed in a feature of PV grid contact pattern. Acid resist solution was stamped onto n** Si
surface by flowing through the pattemed FFS.

Unsealed region g o |
z 3" Sealed

réegion

)

SEI 20V WO1mMSS50 wo oy ———
sur

A
Sealed region

(a) (b) (9
Fig. 1 Patternimages of FFS after transferring grid layout to feature in (a), magnified image in (b) and
unsealed surface SEM image in (c).

After etching back n** Si emitter, different values of emitter sheet resistance were obtained by
varying the etching times as shown in Fig. 2. The sheet resistance of the processed emitters on poly-Si
wafers was measured with a four-point probes technique. Each wafer was measured on five positions.
Etching time extension from O - 45 second is able to provide the sharply change of emitter sheet
resistance from 10 ©/Sq to 180 €/Sq in average. It is found that sheet resistivity of n** emitter is
adjustable from varying etching times. The higher resistivity range is usually required between 90-110
Q/fSq thatis formas a lightly doped emitter region for PV efficiency i mprovement.
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1804 ™ HFHNO =200:1
1604
guo-
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0 10 20 30 40 50

Etching time (sec)
Fig. 2 Sheet resistance at different emitter etching times,

As shown in Fig. 3 the dark color pattern on poly-Si wafer showed the acid resist region which is
able to prevent chemical efch in heavily doped area. When the n** Si surface was patterned by FFS
stamp to transfer acid resist as a grid pattern on the surface, the n** emitter region was changed into
lightly doped region during etched-back process. After removing acid-resist, the feature in dark color
of localized n-Si emitter after etched-back process is shown in Fig.4 when we used the emitter etching
time about 37 sec. Meanwhile, n** Si region featured light color, thus selective emitter performing the
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both of lightly doped region (110 €/Sq) and heavily doped region (< 20 (/Sq) are clarified as shown
in light color pattern and dark color pattern, respectively. It is noted that different phosphorus
concentration regions is fabricated by simple stamping technique without complex process as a
photolithography.

=pPFas
La

Lightly

*{
A

by
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Fig. 3 Grid pattem images of acid resist pattem Fig, 4 Grid pattem feature of SE surface after
in dark color to be transferred from designed etched-back process: lightly doped region with
FFS. dark color and heavily doped region with light

4, Conclusion

The results of this study were revealed that the simple stamp coating is a potential method to produce a
selective emitter in only one thermal diffusion step with one addtional etching back step. By
transferring grid pattern to n** Si emitter region, locally lightly dopant regions were performed at 37
sec for etching time without employing a complex procedure of photolithography. The n** Si region
coverage with patteming acid resist was provided with less than 20 OhmySq and there was 110-120
Ohm/Sq at lightly doped region.

The SE pattern was controlled by designing the feature of FFS. The proposed simple process
employing stamping technique aso shows clearly the potentia to become more cost-effective than
existing selective emitter processes relying on other additional complex procedure and expensive
tools such as laser doping and photolithography steps.
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